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SUBJECT: Thermocouples as & transducer hesd

I. Principle: A thermoelectromotive force is genersted in s circuit of
two dissimidar homogeneous metals if there is 2 temperature difference
between the two junctions., The slgebraic sum of this emf generated in any
circuit containing eny number of dissimilar homogeneous metals is 2 func—
tion only of the tempersture of the junctions. Note that the emf is &

function of relstive and not absolute temperstures,

II Properties of thermocouﬁles: Discussion will be with reference to
an operzting temperrture range from ~50 to 15000.
The following should be considered for each apprlicetion:

a) magnitude of emf/°C and characteristics

b) resistance to corrosion snd generel ruggedness

¢) reproducidility

Bot all emf vs, tempersture curves sre n?Lar lineer. Considering our
applications this is not importont, Emf decay with length of TC use,
however, is of conseguence. This is coused mainly by corrosicn, result-
ing in poor connections, or in a change of chemicsl compositisn of the
TC wire. The lack of wire homogeneity ‘resulis in spurious emfl!s in the
circuit. These difficulties are mainly overcome by protection, either

insuletion or metzl covering to prevent mechanicsl demsge. Thermocouples
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can be nade ertremely rugged with a corresponiing loss in sensitivity,

or extremely dellcate with grecat sensitivity. Sensitivity can be in-
creased by TCs in series (thermopile). Note thet the emf is a property
of the types of ~etals used, but not of thérire size. In general =211

types of thermocouples sveilgble on the market sre standardized and

of long life if properly used,

Industrially, copper—constsntan TC is most commonly used in the given
temperature range. The copver is susceptable to corrosicn; but regerdless
of this the couple has long 1life snd good stedlity. At 100°C ( cold
junctioﬁat OOC) it generates 4,27mv. A chromel-constsntan couple hes

& higher emf et 100°C ( 6,32 mv ). This is evailable on the market

but is not widely used beceuse it is not as linear or ar cheap a2t the
copper-constantan, even thouvgh its reproducibility is as good, In add-
ition, chromel-szlumel =znd iroa consyantzn cquples ere commonly used.
With regard to reproducibility, long life, 2nd mv output the chromel-
constentan TC is the most suitzble of those readily obteineble on the
market. Note that linesrity is of minor imvorrtsnce, dut rather the
couplels gbility to reproduce the seme emf under similar conditions is

desired,

Gener:1 Flectric and Leeds and Northrup haveﬂ%yw niscellaneous tyvnes

of thermnocouples which they use for special resezrch vroblems. As any two
diseimiler metsls can be usedﬁ\those chosen were primerily to evoid
conteminatisn, to enable greet sensitivity with & fine wire size, ebc.,

primarily operetionsl difficulties. For our purpose a larze mv cutput
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probebly would be desired. With reference to‘f&atinum, most of the

intermetallic compounds of tin generste high emffls ( 20 or 30 mv et

LY
l cd\)‘ eA}, ?
100°C ) . Perhaps the couple with the highest emf wouvld be = silicon—ibﬁ‘ ) !
0 {LL“‘“
60Sb 40C& couple., which 2t 100 C difference gives 85 mv, The Inter-
netional Criticel Tebles giwe emf chrrzcteristics for almost ell com- |
‘x
rounds ir swpecific euplicetions arise, :
III Disdussion: Fossible soplications.
. . R . :
Beczuse the TC meesures only relstive temvsretures, pocslble epurlicctions
o, 7’
ore limited s8 ¢ c2ld Jjunction cen not be meintedhed. gﬁngLﬂ Moyt
-
1) Radiation: & susll courle cen be constructad under “lack body con—
ditisne to detect tusrael redistiov. Sensitivity cen renre 211 the woy
from Cetectine ¢ lishte? ceadle & mile rvpy in the ferlness to thet above
viicn we ern not vmhveicelly tolersie. Mezirmuma eize would he gbout ¥ cude. \
L4
.
2) Hirh velocity couslest ¢d wreente crrry Lkt cvey fron the TC tip 5&
& 1700 =1QCL collnleass (1T curtente Crry) arget ey o sl 1. ‘..\}9“'
K iy
- - 1 cps ht L
Theee couples cen Be mrle eriieuely smell »v@ e very senritive. A vel- &3;‘\ éﬁi
. o . o R . ‘u\ % v .
neity mersuring thernocouple prodshly vwor nove videst runlicetiogs. ¥ ¢§
: ,\
Ry
ZeF wavld be oouwedly proportionel to veleelty. {\\gwﬂr
B
37 VeosT Lres T
f T thig e ze-bntisrlly 2 coslives effect woon eveoy—
1Y) rete of eveporitinag s
sretion.
2) genpltive ~nd conecreasitive courle toretleri £)7 the rhove eoplicetions
ve dewerded uwoon one Juncti v heivny censitive o clienye g0 the cther
ot bweic 1Yy in s woeiflon to e v> gengitive) here ove woull Buek the
enf of ¢ conrse couile eorinst thrt oftnefi e vire of senslitive ccuple
of execbly tihe srre U Le.
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IV Commente: Note tlrt 212 apzlicrtions result from pryele~l dietur—
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vuces wioen wffect Lert trepdfer in nmetele, thue crveing oo sctusl
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or apruerait tesnscrsture differentizl,
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